Abstract. In this letter, the direction of arrival (DOA) estimation for multi-input multi-output (MIMO) radar in multipath environment is investigated. The signal model is based on the assumption that the signal is transmitted by widely spaced antennas and received by some uniform linear arrays (ULAs). A novel method, which includes optimizing the transmitter multipath variable by r t − mixed norm and the receiver multipath variable by peaks searching method, is proposed based on the received signal model. The method can use the multipath echo power to make the estimation performance better, especially with the increase of the transmit antennas or ULAs. Simulation results verify the usefulness of our method.
Introduction
Multi-input multi-output (MIMO) radars [1] - [2] , which can capture the spatial diversity of the target's radar cross section (RCS), have the potential advantages over the traditional radars. It has been demonstrated that MIMO radar shares more degrees of freedom for transmission beam forming [3] , improved detection performance [4] and higher sensitivity for moving targets. Utilizing MIMO radar for direction of arrival (DOA) estimation in multipath environment has drawn a great deal of attention in recent years. In [5] , the paper explores how transmit diversity can improve the direction finding performance of a radar utilizing an antenna array at the receiver. In [6] , the beam-space maximum likelihood method (BSML) is developed to reduce the computational burden and retain estimation precision. In [7] , multipath effect, which can change beam-pattern peak direction, increase side-lobe level and either produce false peaks in beam-pattern, is proposed systemically, etc. However, the study for DOA estimation in multipath environment described before often regards the multipath echo signals as the noise or clutter, which certainly wastes a large amount of signal energy. In this letter, based on the assumption that the signal is transmitted by widely spaced antennas and received by some uniform linear arrays (ULAs), a novel DOA estimation method which can use the multipath echo power to improve the estimation performance effectively is derived.
TR MIMO Radar Array Signal Model
Consider a MIMO radar system consisting of colocated receive and transmit arrays both equipped with uniform linear array (ULA), having N antennas and M antennas separated by half a wavelength, respectively. The target distance is assumed much larger than the aperture and heights of the ULAs. The DOA for each target with respect to the colocated transmitter and receiver is denoted by θ k ( 1, 2, ,
). Assume also K far-field targets, which include both coherent and non-coherent targets, are illuminated by narrowband orthogonal waveforms. The output of the matched filters for the receive sensors can be expressed as
where k β and k f are the radar cross section (RCS) fading coefficient and Doppler frequency of the kth target, respectively.
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, a composite data vector can be constructed as
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. Let us examine the statistical characteristics of the noise vector v after matched filter. According to the basic properties of the Kronecher products, their covariance matrices can be given as 
and the output in (4) can be changed as ( ) ( ) ( )
Proposed DOA Estimation Method
In this section, a new method named as reduced-dimension Toeplitz matrix method is proposed in this part. At first, we define
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. Using the received signal vector ( ) t Z in (7) left multiplied by the matrix
where ( )
, N ε η = η , and
is additive Gaussian white noise matrix. As the matrix G is sparse, the reduced-dimension transformation can add less computation load.
In order to remove the coherency, we can establish a Toeplitz matrix via the new received signal vector in (9) , which can be denoted as
where ( Perform eigenvalue decomposition of (10), and we can get
(11) where s Σ is a diagonal matrix whose diagonal elements contains the largest K eigenvalues; n Σ stands for a diagonal matrix whose diagonal entries contain the smallest M-K eigenvalues; s U and n U are the signal subspace and the noise subspace, respectively. It is well known that the signal subspace is orthogonal to the noise subspace. Therefore, a cost function can be given as ( )
Then, the minimum of Q can be achieved for true DOAs, and the estimation process can be expressed as
where i is the iterative times, and µ is a real number between zero and one.
Step 3: Repeat this procedure until the difference between two consecutive iterations is little than a threshold, i.e.
where ν is a positive small constant (e.g., 5 10 ν − = ).
Simulation Results
As described in Figure 1 , in the case of L M , compared with the ESPRIT-like method and the FBSS-MUSIC method, the proposed method has lower computation load. However, for the low snapshots, the computation complexity of the proposed method is higher than the method in [10] , which is caused by the iterative approach and peaks searching in Section III-B. What's more, as a price, the proposed method can provide better estimation performance. . Fig.2 shows the DOA estimation performance with different number of transmitter antennas. The more the number of transmit antennas has, the better the performance of estimation will be gotten for MIMO radar, especially for the angle resolution. In fact, for the virtual transmitted signal m B , the method by r t − mixed norm optimizing can obtain the largest transmitter multipath variable and reflection coefficient, which will improve the transmitted signal power. 
Example 2:
In this example, we examine the effectiveness of the peaks searching method in optimizing for p G . We assume the transmitter antennas is M=5. Fig.3 shows the spatial spectrum function at different receiver sub-array. In the case of , the DOA estimation performance at 2 =20 θ is very poor. The reason is that the receiver multipath variable is very little for some angle, which will reduce the echo power largely. As a result, the new peaks searching method described in section 2 can select the best peaks and side lobe to improve the estimation performance. 
Example 3:
In this example, we examine the estimation performance by the RMSE versus SNR. In Figure 4 , we assume the transmitter antennas is M=5. In the case of
, we only consider the transmitter multipath variable and the performance in multipath environment is better than in non-multipath environment, especially under relatively low SNR, which illustrates that the method in optimizing for m B can improve the DOA estimation performance by using the transmitter multipath signals power; In the case of
, since the receiver multipath variable at some angle is very little (Fig.2) , the performance is poor. However, In the case of , we can select the most effective receiver multipath variable from different receiver ULAs by the peaks searching method and the estimation performance is the best. 
Conclusion
In this letter, we have proposed a novel DOA estimation method, which can take advantage of the multipath echo power. The method can avoid the effects of different multipath variable and targets glint, which results in the spatial diversity for transmitter and receiver. We demonstrate our method has much better performance in contrast to the non-multipath environment or with the increase of the transmit antennas or ULA. The target tracking and positioning in multipath environment will be considered in near future.
